al and reproductive factors 11) . A Swedish study 12) revealed that over half of all women they surveyed experienced an increase in LBP during menstruation. Strong associations between MSD and gynaecological diseases have also been reported in at least one Norwegian study 13) . On the other hand however, other research has suggested that LBP is not related to hormonal fluctuations during the menstrual cycle nor to the use of Oral Contraceptives (OC) 14) . Back pain is known to be an increasingly common problem for the Japanese workforce 15) and has been studied epidemiologically in a variety of occupational fields such as construction workers 16) , taxi drivers 17) and school personnel [18] [19] [20] . The Japanese health care workforce is also known to suffer LBP, with previous research revealing high rates of musculoskeletal disorders among hospital nurses 6, 8, 21) and nursing home workers [22] [23] [24] .
Despite this fact, few studies have investigated the complicity of menstrual disorders on LBP among Japanese nurses. This is somewhat of an oversight, considering that menstrual disorders have been recognised as an increasingly important occupational health issue in the nursing profession 1) , and that back issues are well known to affect Japanese nurses 6, 8) . The purpose of our current study therefore, was to investigate the prevalence and characteristics of menstrual symptoms among Japanese nurses, the rate, distribution and longevity of any LBP they may have suffered; as well as any potential correlations between the two.
Methods
Ethical approval was obtained from the Human Ethics Committee of Kurume University during 2007. Our study involved a large, cross-sectional survey of female nurses working in a university teaching hospital of Southern Japan. The survey instrument comprised an anonymous questionnaire with mainly tick-box style answers, with surveys divided into three main parts: (1) demographic and workplace items such as age, weekly working hours, work shift system, number of overtime hours worked per week and length of employment as a nurse, (2) symptoms relating to the menstrual cycle such as cycle length, regularity, symptoms experienced, treatments sought, and (3) symptoms relating to the lower back, such as pain experienced in the previous year, duration of LBP-related disability, treatment sought, and so on. Questions were adapted from previous studies conducted in similar areas, including those that have investigated back pain 6, 9, 21) and menstrual disorders among nurses [25] [26] [27] [28] . LBP questions and an associated diagram were adapted from the Standardised Nordic Questionnaire for Musculoskeletal Symptoms originally developed by Kuorinka and colleagues 29) . This methodology was considered appropriate as previous studies have demonstrated the validity and reliability of self-reporting measures for MSD and LBP [30] [31] [32] .
Surveys were distributed in 2008 and collected within a two-week period. Participation was voluntary and informed consent implied if anonymous questionnaires were completed and returned. All data was entered into a spreadsheet program and analysed by statistical software, including prevalence rates and multiple logistic regression analysis to investigate statistical correlations between menstrual symptoms and LBP. Three statistical models were used, whereby MSD items (LBP, duration and effect on daily activities) were used as the dependent variables, with demographic items and menstrual cycle symptoms (experienced either prior to or during menstruation) as the independent variables. Independent variables were selected using backwards elimination with all results expressed as Odds Ratios (OR) and 95% Confidence Intervals (95%CI). Probability (p) values below 0.05 were considered statistically significant for all analyses.
Results
Surveys were distributed to 1,135 female nurses, of whom 958 responded, giving an initial response rate of 84.4%. Among them, 142 (14.8%) were menopausal, thereby leaving a final group of 816 actively menstruating females for analysis. Their average age was 33.0 yr with a Standard Deviation (SD) of 7.9 yr, height of 157.8 cm (SD: 5.3 cm) and weight of 50.7 kg (SD: 6.9 kg). Most (64.3%) were single and nullipores (73.4%), although 11.4% had two children. Their average length of time working as a nurse was 11.1 yr (SD: 8.3), most (85.0%) worked a rotating 3-shift system, and worked an average of 8.9 h per day (SD: 1.0 h), with an average of 9.4 h overtime per month (SD: 12.5 h). Menstrual cycle characteristics of nurses in this study are displayed in Table 1 . Few nurses reported currently using oral contraceptives (1.4%) or Inter Uterine Devices (IUD) (0.9%). The majority (75.1%) had regular menstrual cycles, their average age at menarche was 12.3 yr (SD: 1.3 yr), with an average cycle length of 29.6 d (SD: 4.2 d) and bleeding time of 5.9 d (SD: 1.3 d). Slightly less than half (46.5%) experienced Pre Menstrual Tension (PMT) 'sometimes', although 42.2% experienced it 'always'. Most PMT (38.0%) occurred 3-4 d prior to menstruation. Dysmenorrhoea was experienced 'sometimes' by 45.5% and 'always' by 44.6%, mainly on the first bleeding day (71.0%), and resolving within 1-2 d of the onset of menstruation (57.0%). When measured on a 100 mm visual analogue pain scale, the average score for PMT was 45.6 mm (SD: 25.0 mm), and for dysmenorrhoea, 58.3 mm (SD: 27.2 mm).
Nurses reported a wide range of symptoms both prior to and during menstruation, as indicated in Table 2 . The most commonly experienced symptoms prior to menstruation were breast tenderness (experienced by 49.2%), fol- 
Discussion
To our knowledge, this study represents one of the first detailed investigations of menstrual disorders and their correlation with LBP among Japanese nurses. As such, there is relatively little local data with which to directly compare it. Regarding demographics, the average age of nurses in our study was slightly younger than the average age of female workers previously reported in Japan 33) , although the distribution of age groups was somewhat similar to that reported in the Japan Nurses' Health Study (JNHS) 34) . More than half the nurses were currently unmarried, which is similar to a previous Japanese study 35) . Few Japanese nurses in our investigation reported using OC, which is similar to a previous study from Taiwan where only two out of 907 nurses were current users 26) . When compared to Western countries, the Japanese nurses' OC usage was considerably lower than that previously reported among other working populations, such as Quebec hospital nurses (24%) 10) . This finding was not entirely unexpected however, as the Japanese OC usage rate is known to be relatively low when compared internationally 36) , with some authors suggesting that Japanese women have never really expressed a strong desire for it 37) . Exactly how this low rate of OC usage might affect LBP among Japanese nurses was not investigated in the current study.
Three-quarters of the nurses in our investigation reported having regular menstrual cycles, which is slightly higher than a previous study of Taiwanese nurses 38) where 35% had irregular menstrual cycles, although it was similar to another Taiwanese investigation 26) where 84% had an average menstrual cycle length of between 24 and 35 d. The average cycle length of Japanese nurses (around 30 d) was higher than the aforementioned study of Taiwanese nurses (average 26 d) 38) , although the bleeding time was similar between Japan and Taiwan (5.9 versus 5.8 d, respectively) 38) . Length of menstrual cycle among nurses is known to be influenced by various issues, including occupational factors, with one study 39) finding correlations between working in high stress units and long, monophasic cycles among American nurses. A similar finding has also been reported among Taiwanese nurses, albeit a relationship between high stress levels and irregular menstrual cycles 26) . Another investigation from the US also revealed correlations between working in stressful jobs and short menstrual cycles 40) , although the research subjects were not limited to nurses. In a study of Japanese women from the early 1980s 41) , menstrual irregularity and painful menstruation were higher among those who worked at night. Night duty has recently been shown to influence scores on the General Health Questionnaire (GHQ) when administered to female Japanese doctors 42) . An investigation from England and Wales 43) further suggested that night work may alter some aspects of nurses' psychological experience of the menstrual cycle. Not all studies have demonstrated clear links between menstrual symptoms and workplace factors, however. At least two investigations have failed to show statistically-significant relationships between work stress and menstrual disorders, one from the US 44) and one from France 45) . On the other hand, the complicity of psychosocial factors may be important for menstrual disorders, and at least one study 46) has shown that social support may have a moderating effect on premenstrual symptoms. Psychosocial factors were not measured in the current Japanese study, which makes it difficult to ascertain if the menstrual cycle of Japanese nurses would also be affected. Although demographic factors were measured in our investigation, smoking showed no correlation with cycle length, which is contrary to some previous research from the US 47) . Not all psychosocial or workplace factors have been shown to influence menstrual disorders and relationships between the two remain unclear, suggesting that further research needs to be conducted in this area. A large proportion of Japanese nurses in our current study suffered from pre-menstrual tension, with 47% experiencing it sometimes and another 42% experiencing it constantly. Their rate was higher than some previous studies documenting constant PMT among 34% of Korean nurses 27) and 9% of Chinese nurses 28) . Dysmenorrhoea was very common among the Japanese nurses in our study, with almost half experiencing it constantly. Around 30% of nurses in a previous Taiwanese study reported always suffering from dysmenorrhoea 38) , whereas the prevalence was approximately 35% among their Korean counterparts 27) . In other parts of Asia, studies of Chinese nurses have been somewhat contradictory, with one study reporting a similar rate of dysmenorrhoea to ours 25) , although in another investigation 28) , the rate was much lower (14%). In Hong Kong, dysmenorrhoea was reported to affect less than one-fifth of all nurses 48) . When considered simply as 'period pain', this condition has been shown to affect between one-quarter and onefifth of British nurses 49, 50) , and around one-third of female Japanese workers, who were not nurses 33) . Regarding medically-diagnosed diseases of the reproductive system, the JNHS has reported prevalence rates of uterine myoma at 10% and endometriosis at 5% 51) .
Nurses in the current study reported a wide range of symptoms both prior to and during menstruation, although this was not necessarily an unexpected finding. Menstrual symptoms are well-known to cover a wide range 52) and attitudes towards menstruation may be categorised as multidimensional 53) . In a previous study of American nurses for example, almost 250 symptoms were associated with premenstrual syndrome 54) . Other scholars have suggested that the number of menstrual cycle-related symptoms actually experienced by women may be between 200 and 300 52, 55) . Symptoms among Japanese nurses prior to menstruation were most commonly reported to be breast tenderness, stomach pain, light headedness and LBP. In a previous Canadian study 10) lower abdominal pain was the most common symptom, although breast pain and leg pain were reported, and only 8% actually reported having no symptoms at all. Among our Japanese nurses, symptoms most commonly experienced after menstruation included stomach pain, LBP, fatigue, over sleeping and light headedness. Not all women are affected by menstrual disorders in the same way, however 56) , and for these reasons, a wide variety of symptoms relating to the menstrual cycle are often reported 57, 58) . In our current study, the prevalence of every symptom experienced by nurses changed after menstruation had commenced, with exactly half of their symptoms increasing and half decreasing in prevalence. This finding confirms the diversity of symptoms relating to the menstrual cycle among women in Japan, as elsewhere.
LBP was a major concern for nurses during this study, with approximately 83% experiencing at least one episode in the past 12-months. Previous studies have suggested that between one-half and three-quarters of Asian nurses might suffer from LBP each year 6, 8, 9, 59) . Among their colleagues in other countries such as Italy, LBP may affect between 33% and 86% 5) . The most common physical manifestations of the Japanese nurses' LBP during our study were dull pain, throbbing pain or sharp, stabbing pain; similar to the original work of MSD undertaken by Kuorinka and colleagues in their development of the Standardised Nordic Questionnaire for Musculoskeletal Symptoms 29) . Around two-thirds of the LBP symptoms among our Japanese group persisted for less than one week, although the exact cause was unknown in almost half of all LBP cases. Although this prevalence rate might appear rather high, more than twothirds of all LBP experienced did not affect their daily activities, and for those who were affected, around twothirds were affected for less than one week. These findings suggest that while their LBP prevalence rate may be quite high, the duration of most conditions does not appear to be lengthy.
Various demographic and workplace factors were statistically correlated with LBP during logistic regression analysis. Increasing body weight was correlated with an increased likelihood of LBP affecting a nurse's daily activities. This is contrary to a previous study of Italian health care workers 60) , where no statistically correlations between body mass and MSD were found during multiple logistic regression. On the other hand, MSD is wellknown to have functional consequences in nurses 3) . From our findings it may be hypothesised that being overweight may impair a nurse's recovery from LBP and thus, increase the likelihood of it interfering with their daily activities. The number of overtime hours worked per month was positively correlated with experiencing shortterm LBP, and the risk was increased almost five-fold.
This finding is consistent with previous research from the US 2) , which demonstrated that work hours and overtime were significantly related to an increasing MSD risk. On the other hand, various studies among Asian nurses have not revealed statistically-significant correlations with weekly working hours 6, 59) . One problem when investigating overtime during a 12-month recall period is that working hours tend to vary among health care workers. A previous study of physicians for example, found that working hours were reduced as family responsibilities grew 61) . It may be prudent to conduct future research on these topics using shorter recall periods to help account for yearly differences in overtime cycles.
Various factors were correlated with a reduction in LBP risk during our current study. Having three or more children for example, was correlated with a reduced risk of experiencing LBP. Correlations between LBP and childbirth are interesting to consider as contemporary research evidence is contradictory in some regards. Some studies have demonstrated a relationship between back pain and pregnancy 62) , with a Swedish study 12) reporting that around one-quarter of women experienced LBP during pregnancy. Another investigation from the same country 63) also found that that backache often persisted after pregnancy, sometimes for up to a year. Not all studies have reported positive correlations between pregnancy and back pain, however 11, 64) . In our current study of Japanese nurses, working a 3-shift rotating system was correlated with a reduced likelihood of experiencing LBP that interfered with a nurse's daily activities. Although shiftwork is often perceived to be an LBP risk factor, our results suggest that the rotating shift system may actually help reduce the ability of LBP to interfere in a nurse's daily life. More research will need to be conducted on this topic in future.
Various statistically-significant associations were found between menstrual cycle factors and LBP in the current study. Firstly, nurses who reported a dysmenorrhoea pain scale score in the low to moderate range were almost four times as likely to suffer LBP in the previous year. Regarding symptoms experienced prior to menstruation, nurses who reported headache were only half as likely to experience short-term impairment, whereas nurses who regularly experienced LBP or breast tenderness prior to menstruation were approximately twice as likely to suffer LBP at some point in the 12-months prior to the survey. Nurses who experienced LBP during menstruation were almost twice as likely to report LBP in the previous 12-months, although they were only two-thirds as likely to suffer LBP that interfered with their daily activities. Nurses who reported breast tenderness during menstruation were almost twice as likely to suffer LBP that interfered with their daily activities. Over sleeping was correlated with a reduced risk of short-term LBP. All of the statistical correlations identified in our current study provide interesting material which can be added to the body of evidence that strives to link LBP with menstrual disorders.
Even so, despite increasing research efforts in this field during recent years, the biophysical association between LBP and menstrual function remains elusive. A large study of the Dutch general population for example, suggested that chronic LBP may be associated with certain hormonal and reproductive factors 11) . A Swedish study 12) showed that over half of all women in their 'prevalence group' experienced an increase in LBP during menstruation. Strong associations between MSD and gynaecological diseases have also been reported in other countries such as Norway 13) . MSD have been shown to be related to metrorrhagia 65) while factors related to increased oestrogen levels may specifically increase the risk of chronic LBP 11) . On the other hand, other research has suggested that LBP is not related to hormonal fluctuations during the menstrual cycle, nor by the use of OC 66) . Although the question of whether or not OC actually influences back pain remains unclear, many health professionals still believe there is a relationship between the two 67) . In some research, OC users have been known to report higher incidences of back pain 64) , and OC use may be related to persistent pelvic pain and pelvic joint instability 68) . On the other hand, other studies have found little or no correlation with OC and back pain 14, 69) . Indeed, one study from Finland found that women who received hormone treatments actually reported a significant decrease in night time back pain 70) .
Evidence linking MSD and menstrual cycles is also contradictory at the cellular level. Previous research has suggested for example that pressure pain thresholds at the lower back may be reduced during the ovulatory phase 71) , although fluctuations in female hormone concentrations during the entire menstrual cycle probably do not affect muscle contractile characteristics 72) . Oestrogen secreted during the menstrual cycle is thought to be involved in other biophysical processes such as working memory function, and this may be important in the nursing profession 73) . Cellular mechanisms influencing LBP are similarly unclear, although it has been suggested that following repeated activity, muscle fibres may be damaged during relaxation in an acidic solution 74) , although whether this would be affected by hormones is unclear. Various studies have historically investigated menstrual cycle influences on sports performance among female athletes 75) . A study of Swedish soccer players for example, found that women were more susceptible to traumatic injuries during their premenstrual and menstrual period, although women using OC actually had a lower rate of traumatic injury 76) . Regardless of whether it was caused by trauma or not, MSD and LBP clearly represent an emerging concern in the nursing profession. Numerous LBP risk factors have been identified which relate to physical and workplace factors [2] [3] [4] , although psychosocial factors have received increasing attention in the study of nurses' MSD [5] [6] [7] [8] . Even so, it is important to view our current findings within the bounds of a potential 'healthy worker effect'. Such a phenomenon would occur when nurses with severe MSD or menstrual disorders quit work, leaving only the healthiest and most symptom-free individuals for inclusion within occupational health studies such as ours.
Conclusion
Various occupational health issues have emerged to challenge health care workers in the new millinneum 77) , of which menstrual disorders now represent an increasingly important consideration for nursing 1) . Our current study suggests that reproductive symptoms and menstrual disorders may be having a significant impact on nurses' working lives. Although various employment-related factors are known to influence the development of LBP among nurses, considerable research effort has traditionally focussed on identifying physical hazards, such as needlestick injuries 78) , occupational violence 79) and so on. Nonetheless, increasing attention is now being paid to psychosocial factors in the nursing profession 6) as well as broader areas such as organizational climate within a nurses' workplace 80) . Personality and coping behaviours are also important when considering the multidimensional aspects of nurses' occupational health 81) .
Regardless of its exact cause, the reduction of LBP among Japanese nurses remains a priority area for occupational health, albeit, one that represents a considerable challenge. One way forward has traditionally been to introduce tools and devices that help reduce load bearing, repetitive activities in the health care workplace, such as patient lifting. While such methods have already been used in this country, as elsewhere, the merits of additional measures to specifically alleviate LBP have been investigated in Japan, such as a standing aid [82] [83] [84] ; although these devices are not necessarily practical for nurses. Given the complicity of reproductive symptoms that we have demonstrated in our current study, it is reasonable to hypothesise that more proactive approaches to women's occupational health are clearly required. On the other hand, the current investigation did not specifically examine physical and biomechanical factors such as patient lifting, as this was not our intention. Establishing a healthy workplace culture which takes account of adverse menstrual symptoms among staff would clearly be an important step forward.
Annual health checkups are required by law in Japan 85) , and this may be an appropriate time for actively encouraging nurses to consider the complicity of menstrual disorders on their occupational health. On the other hand, alternative therapeutic treatments for LBP may also be worth investigating, such as acupuncture, which has been recently investigated among factory workers in Japan 86) . Regardless of the exact method used to combat it, our current study clearly suggests that menstrual symptoms may be influencing LBP among Japanese nurses, although the magnitude of this effect was less than that reported in some previous research. Further research is now required to help identify and alleviate this emerging threat to women's occupational health. The recording of a daily menstrual symptoms diary along with periodic urine hormone analysis may be a useful step for future investigations.
